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Introduction
Renal cell carcinoma (RCC) with inferior vena caval (IVC) thrombus is a complex surgical problem, which is seen in 4-10% of cases of patients with RCC. [1] [2] [3] Earlier, it was considered an inoperable 'death sentence'. In 1970s, Skinner et al. [4] showed that good long-term results could be obtained with surgical management in the absence of metastasis. In developing countries like India, many patients report at a later stage of natural history -which is partly due to lower socio-economic status, lack of health awareness on the part of patients, and inaccessibility to the centers where such major surgeries are done, as very few centers in India have such facilities. Here, we review our experience with such cases -the presentation, the principles of surgical management that we followed, the results and the prognostic factors affecting survival. were not operated were excluded from this study. Those with metastasis were not operated because they had poor overall survival, [4] though recent reports suggest that even those with solitary metastasis can be operated with good results [5, 6] especially if one is planning for immunotherapy. Standard preoperative investigations and preparations were carried out. American Joint Committee on Cancer staging system (TNM) [7] was used for staging, and Fuhrman criteria [8] were used for histopathologic grading. The surgery was a joint venture of uro-oncologist and vascular surgeons and performed in a cardiac theatre with continuous arterial and central venous pressure and end tidal carbon dioxide monitoring. All patients underwent surgery by midline abdominal incision from xiphisternum to symphysis pubis. Those with difficult retrohepatic extension (such as presence of gross hepatomegaly or very obese patients) and those with suprahepatic extension underwent median sternotomy for control/or temporary occlusion of intrapericardial IVC. For those tumors with supradiaphragmatic or right atrial extension, cardiopulmonary bypass with deep hypothermic circulatory arrest was used. The standard surgical techniques were followed for mobilization and exposure, thrombectomy and repair. Patients were followed up as per the protocol prevailing at that period of time. The presenting symptoms and signs, the imaging study findings, the operative findings, especially regarding the level of thrombus, the approach, postoperative complications, the final histopathologic stage and grade, and the follow up findings were recorded. Chi-square analysis was used to calculate the statistical significance/P-value.
Materials and Methods
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Results
Inferior vena caval extension of tumor was seen in 11.6% of all patients with RCC [ Table 1 ]. The mean age of patient was 54.2 years (23-92 years). There were 46 males and 17 females. There was almost 2:1 ratio of right-and left-sided tumors. One or more of the triad of hematuria, mass or pain was seen in 61.9% of the patients, but it is important to note that 24 patients had non-specific symptoms and, of these, 7 patients were asymptomatic with respect to the tumor. The average duration of symptoms was 14.4 weeks. On examination, majority (85.7%) had a palpable mass and about a third had varicocele and/or edema. The paraneoplastic syndromes observed were similar to the ones reported in literature [9] except that, in our series, there was a high incidence of jaundice/ alterations in liver enzymes (28.5%). Since most were referred patients who came up with different types of imaging studies of different qualities over different time periods in the 15 years, it was difficult to correlate the findings of imaging studies with operative or had sepsis, another 3 had cerebrovascular accident, and one had prolonged fever, which turned out to be malaria. Two patients had intestinal obstruction 6 months and 2 years, respectively, after surgery -of all these patients, two died and the rest improved with conservative management. Of the two patients who died in the post-operative period, one died of sepsis with fulminant hepatitis and multiple organ dysfunction -he was a known case of pre-operatively stable chronic hepatitis -and the other died due to cerebrovascular accident. Table 7 ] whereas only one-third of granular cell type had DFS. Two-third of patients with grade-2 tumors were alive without metastasis, whereas less than half the patients with grade-3 tumors were alive without metastasis, and none were alive with grade-4 tumors. Sixty-eight percent of patients without perinephric involvement [ Tables 7 and 8 ] had DFS, whereas only 31% of patients with perinephric fat invasion were alive without disease. Of those with lymph node involvement, 30% had DFS whereas 60% of those without lymph node invasion were alive without disease. Only one patient with adrenal (20%) and 2 of 7 patients (28.5%) with vessel wall invasion were alive at follow up.
Discussion
The surgical management of RCC with extension into IVC is a challenging one, which can be undertaken only where proper facilities and expertise are available. There are very few tertiary care centers in India where surgery of such a magnitude can be carried out. The overall 3-to 5-year survival reported in the literature varies between 25 and 84% [2, 4, 5, [10] [11] [12] [13] and with a multitude of factors. In this retrospective study, we have tried to present the pattern of clinical picture seen in our country as well as correlate between various prognostic factors reported in the literature and the survival in our patients.
The clinical presentation of patients in this series including age, sex, side, level of thrombus, etc. was not much different from that reported in the literature [4, [14] [15] [16] [17] -a majority of our patients presented with one or more of the symptom triad of hematuria, flank pain or mass per abdomen. In addition, quite a significant proportion of patients presented with non-specific symptoms or was totally asymptomatic with respect to the tumor. The only different feature was the higher incidence of abnormal liver function tests as compared to those with RCC reported in the literature, [9] which may either be due to Stauffer syndrome or back pressure created on the hepatic veins by the tumor thrombus -which sometimes can cause Budd-Chiari syndrome or even liver failure, [18] though this was not observed in our patients. In addition, the number of patients with RCC having tumor thrombus (11.6%) was higher than the 4-10% mentioned in the literature, [1] [2] [3] which may be due to delayed presentation in our patient population or due to the fact that, being a referral center, only complex cases such as those with venous thrombus are referred to our center. Thirty-five of 63 tumors were infrahepatic, which were explored by midline abdominal incision. Half the intrahepatic tumors were considered 'difficult' due to various reasons intraoperatively in spite of complete mobilization of liver and needed median sternotomy for control of suprahepatic vena cava and Pringle's maneuver was used in all such patients which can be used safely up to 20 min. One of the three patients with suprahepatic thrombus needed cardiopulmonary bypass, whereas two could be removed without cardiopulmonary or venovenous bypass, the latter being not used in any patient as the chance of troublesome bleeding is more with veno-venous bypass than with cardiopulmonary bypass with deep hypothermic circulatory arrest in which one can operate in total bloodless field and is safe for up to 40 min, and our cardiovascular colleagues are well versed with this technique. There was no operative mortality. Kulkarni, et al.: Surgical management of renal cell carcinoma with inferior vena caval thrombus
The incidence of major postoperative complications was 38%, which may be somewhat more than that reported in the literature. [6, 10, 15, 19] This may partly be due to the less-than-optimal preoperative status of our patientsfor example, 6 of the 10 patients with post-operatively raised creatinine had preoperative creatinine of more than 1.3 mg/dl; the patient with burst abdomen was cachectic with hypoproteinemia and complications such as malaria are common in developing countries. All except two recovered from these complications -one died of worsening of preoperatively stable chronic hepatitis and the other died of cerebrovascular accident; he was hypertensive. The perioperative mortality of 3.1% was well within the acceptable range reported in the literature [6, 12, 19] as is the overall survival of 63.5% and 49.2% of DFS. [2, 4, 5, [10] [11] [12] [13] Very few patients received interferon as it was unaffordable in our setup.
When we tried to correlate the clinical presentation with the DFS, we noted that sex, side, size and type of presentation were not significantly associated with prognosis. Patients with abnormal liver function tests and those with cachexia had poor survival. Review of literature [3, 5, 8, [10] [11] [12] [13] [14] [15] [16] [17] [18] indicates conflicting reports regarding several important clinical prognostic factors such as size of tumor, type of presentation including the presence of hematuria, raised ESR/platelets, symptomatic presentation and level of thrombus. For example, Golimbu et al. [5] noted that size of the tumor is an important prognostic factor, whereas Fuhrman et al. [8] noted that size of the tumor influences survival because it correlates with the grade of the tumor. In addition, though earlier reports indicated that the level of thrombus is an important prognostic factor, [15] later literature [3, 10, 12, 16] suggested that the level is not important -which is supported by our observations as well (DFS of 48.5%, 50%, 66.6% and 40% for infrahepatic, retrohepatic, suprahepatic and intra-atrial tumors, respectively). But again, recent literature indicates that renal vein thrombus may have better prognosis than IVC thrombus. [14, 17] Several pathologic prognostic factors are mentioned in the literature, [2, 5, [11] [12] [13] 16, 20] including mainly the local stage of tumor, histological type and grade [8, 11] of tumor and presence of vascular invasion, [13] vessel wall invasion, [2] adrenal and pelvicalyceal system invasion, [5, 20] nuclear morphometry, DNA ploidy, [11] etc.
Comparing the pathologic prognostic factors with survival, we noted that patients with clear cell tumors had the best prognosis, those with granular cell had the worst prognosis (DFS of 53.5% vs 33.3%, respectively, though statistically not significant), and those with papillary and mixed clear and granular cell types had intermediate prognosis. Moreover, as in literature, [8, 11] grade-2 tumors had better prognosis than grade-4 tumors (66.6% vs 0% DFS, P < 0.001, statistically significant). Local stage probably is the most important prognostic factor; [2, [11] [12] [13] 16] in our series, 68.75% of patients without perinephric fat invasion were free of disease as compared to 31% in those with perinephric fat invasion (P < 0.01, statistically significant). In addition, 60.9% of patients without lymph node invasion were free of disease at follow up as compared to 30% when lymph nodes were positive (P < 0.05, statistically significant). Hatcher et al. noted that vessel wall invasion is more important than the level of thrombus, and resection of IVC wall improved survival. [2, 19] In our series, seven patients had invasion of either renal vein or IVC wall, which was resected, of which two were alive at follow up. Another important prognostic factor was the involvement of adrenal gland. In our series, five patients had adrenal involvement (of which one was due to metastasis from a lower polar tumor), but only one patient survived -though it may be difficult to draw conclusion from this study as the number of patients with vessel wall or adrenal invasion was small.
Conclusions
Renal cell carcinoma with IVC extension is one of the most complicated surgical challenges, but excellent results can be obtained with proper patient selection, meticulous techniques of surgery and close perioperative patient care in a tertiary care setup. Pathological factors, such as locoregional stage and grade of tumor, rather than clinical factors, such as level of thrombus, influence survival. Morbidity and mortality in our series was well within the acceptable limits reported in the literature, but regular and long-term follow up is needed to know whether the initial success is long lasting. ) .
